Redox cycling and sulphydryl arylation; their relative importance in the mechanism of quinone cytotoxicity to isolated hepatocytes.
Quinones are believed to be toxic by a mechanism involving redox cycling and oxidative stress. In this study, we have used 2,3-dimethoxy-1,4-naphthoquinone (2,3-diOMe-1,4-NQ), which redox cycles to the same degree as menadione, but does not react with free thiol groups, to distinguish between the importance of redox cycling and arylation of free thiol groups in the causation of toxicity to isolated hepatocytes. Menadione was significantly more toxic to isolated hepatocytes than 2,3-diOMe-1,4-NQ. Both menadione and 2,3-diOMe-1,4-NQ caused an extensive GSH depletion accompanied by GSSG formation, preceding loss of viability. Both compounds stimulated a similar increase in oxygen uptake in isolated hepatocytes and NADPH oxidation in microsomes suggesting they both redox cycle to similar extents. Further evidence for the redox cycling in intact hepatocytes was the detection of the semiquinone anion radicals with electron spin resonance spectroscopy. In addition we have, using the spin trap DMPO (5,5-dimethyl-1-pyrroline N-oxide), demonstrated for the first time the formation of superoxide anion radicals by intact hepatocytes. These radicals result from oxidation of the semiquinone by oxygen and further prove that both these quinones redox cycle in intact hepatocytes. We conclude that while oxidative processes may cause toxicity, the arylation of intracellular thiols or nucleophiles also contributes significantly to the cytotoxicity of compounds such as menadione.